BAG-1, a recently identified anti-apoptotic protein, is overexpressed in the majority of invasive breast carcinomas. Overexpression of BAG-1 is important for both multi-step oncogenesis and resistance of cancer cells to apoptosis induced by DNA-damaging alkylating agents. BAG-1 protein species are localized differentially; nuclear expression may be associated with a shorter disease-free and overall survival in early stage breast cancer, while cytoplasmic expression has been associated with longer survival in non-small cell lung cancer. Growing evidence suggests that Bcl-2 and p53 are also involved in the oncogenesis of breast cancer. Since BAG-1 interacts with Bcl-2 and is upregulated by mutant p53 in vitro, it would be interesting to determine if their expressions are correlated with each other and with other clinical prognostic factors in invasive breast cancer. To address this question we conducted a large scale retrospective study of BAG-1, Bcl-2 and p53 in 185 breast cancer patients. Our study again showed that BAG-1 is overexpressed in the majority of breast cancer patients. In addition, it demonstrated that the expression of BAG-1 correlates with that of Bcl-2, p53, differentiation, estrogen and progesterone receptors. Our clinical study supports the preclinical finding of the interaction between BAG-1 and Bcl-2, p53 and estrogen and progesterone receptors. Further experiments to explore the prognostic and therapeutic role of BAG-1 in breast cancer are warranted.
Introduction
BAG-1 is a multifunctional anti-apoptotic protein. It exists as four protein isoforms designated p50, p46, p33 and p29, which bind to proteins from four different subcellular compartments: cytosolic domains of tyrosine kinase hepatocyte growth factor (HGF) receptor and platelet derived growth factor (PDGF) receptor on outer cell membranes to increase the protection from apoptosis by HGF and PDGF, respectively [1] , Bcl-2 on inner cell membranes to enhance the inhibition of apoptosis [2] , cytosolic heat shock protein (hsps) to inhibit the Hsp70-mediated refolding of denatured proteins, and protect cells from heat shockinduced apoptosis [3, 4] and RAF-1 [5] and nuclear hormone receptors such as glucocorticoid, androgen, estrogen and thyroid receptors to modulate their functions [6] . Growing evidence shows that BAG-1 is overexpressed in many human cancers and that its expression may serve as prognostic and/or predictive tumor marker, as recently reviewed [7] .
Differential expression of BAG-1 was also recently reported in breast, prostate, colon and leukemia cell lines [8, 9] . Distinct isoforms of BAG-1 were noted to affect Hsp70 chaperone function differently [10] . We recently reported that forced overexpression of BAG-1 alone lead to decreased sensitivity to apoptosis induced by chemotherapy agents. In addition, different BAG-1 isoforms displayed differing ability to inhibit apoptosis in cervical cancer cells [11] . Taken together, these data suggest that the cytoplasmic and nuclear BAG-1 protein play a differential role in apoptosis and oncogenesis of human cancers, including breast cancer.
Breast cancer is the most common malignancy affecting women. Recently the value of proteins involved in apoptosis as prognostic factors in breast cancer treatment has been recognized. Increased expression of p53, a pro-apoptotic tumor suppressor gene, was associated with resistance to chemotherapy or radiation therapy, shorter disease-free and overall survival [12] [13] [14] . Increased expression of the antiapoptotic protein, Bcl-2, was found in the majority of breast cancer. Its expression was correlated with the presence of estrogen and progesterone receptors, well differentiated tumor, and was inversely correlated with p53 expression and the apoptotic index [15] . Furthermore, the expression of Bcl-2 was associated with the absence of lymph node metastases, better response to hormonal therapy, and longer disease-free and overall survival in breast cancer patients [16] [17] [18] [19] . However, many conflicting reports demonstrate that increased expression of Bcl-2 may not always predict a favorable clinical outcome [20] [21] [22] . In addition, the expression of Bcl-X L , a Bcl-2-related anti-apoptotic protein, is associated with decreased overall survival in breast cancer patients [23] . Furthermore, reduced expression of Bax, the pro-apoptotic Bcl-2 analogue, is associated with poor response to combination chemotherapy and shorter survival in patients with invasive breast cancer [24] . Even though, these data strongly suggest that apoptosis plays an important role in pathogenesis and progression of breast cancer, the use of apoptosis molecules as independent prognostic factors in breast cancer patients is still controversial [25, 26] .
Both BAG-1 RNA and protein were overexpressed in human breast cancer cell lines and breast cancer tissues [27] . Forced expression of BAG-1 isoforms in human breast cancer cells resulted in enhanced survival during growth factor deprivation and accelerated growth in vivo [28] . These experiments strongly suggest that BAG-1 may be a reliable molecular marker for the pathogenesis and the progression of breast cancer, and that BAG-1 may serve as an independent prognostic factor in the management of breast cancer [29] [30] [31] [32] [33] . Since BAG-1 interacts with Bcl-2 and is upregulated by mutant p53, it would be interesting to study the coexpression of these pro-and anti-apoptotic proteins in invasive breast carcinoma. The correlation between the expression of BAG-1 and p53 in breast carcinoma is currently unknown. BAG-1 and Bcl-2 were both induced by treatment with IL-2 in T lymphocyte [34] . In addition, Bcl-2 and BAG-1 protein levels were positively correlated in breast cancer cell lines [35] and in breast carcinoma [31, 33] , although opposite observation was made by another group [9] . Similarly, conflicting reports exist in literature on the correlation between the expression of BAG-1 and estrogen and progesterone receptors. Although BAG-1 expression was found to correlate with that of estrogen receptor in breast cancer cell lines and tissues [9] , retrospective clinical studies failed to show such a correlation [31, 32] . To study the correlation of apoptosis molecules and estrogen and progesterone receptors in breast cancer patients, we conducted retrospective study using 185 paraffin-embedded breast tumor tissues. The overall expression, pattern and intensity of these proteins were correlated with conventional prognostic factors such as age, stage, histology and differentiation in order to further explore the role of BAG-1 in the pathogenesis and prognosis of breast cancer.
Methods and materials

Immunohistochemistry
All breast tumor cases used for this study were selected from the Manitoba Breast Tumor Bank (Winnipeg, Manitoba, Canada), which operates with the approval from the Faculty of Medicine, University of Manitoba, Research Ethics Board. The Tumor Bank was established in 1993. These issues are accrued to the Bank from cases at multiple centers within Manitoba, rapidly collected and processed to create matched formalin-fixed-paraffin-embedded and frozen tissue blocks with the mirror image surfaces oriented by colored inks [36, 37] . Any patients with confirmed pathological diagnosis of breast cancer and with the available tissues were included in the tissue bank collection. We selected 185 samples from the tissue bank that had the matching clinical data such as age, stage and treatment, and the complete pathological diagnosis such as ER and PR. Patients with second primary cancer, and those with incomplete clinical and pathological information were excluded from the study. The histology and cellular compo-sition of every sample in the Bank is interpreted in hematoxylin and eosin (H&E) stained sections from the face of the former tissue block. Immunohistochemical staining for ER and PR was performed on entry into the tissue bank [36] . For both estrogen and progesterone receptor analyses, a negative staining was considered to be that of 3.5 or less stained nuclei per high-powered field, equivocal was considered 3.6-20.4 nuclei, and positive was 20.5 or more nuclei. Deparaffinization was carried out in xylene. The slides were then re-hydrated in a decreasing ethanol series ending in distilled water. Endogenous peroxidase activity was quenched using 0.6% hydrogen peroxide in 100% methanol for 15 min. Slides were placed in a humid chamber and incubated at room temperature for 60 min with 10% normal goat serum (D3002S, Dimension Laboratories) in phosphate buffered saline (PBS) containing 0.1% Triton X-100 (X-100, Sigma) to block non-specific staining. Sections were incubated at room temperature for 1 h with diluted primary antibody: BAG-1 rabbit polyclonal (C-16, Santa Cruz Biotechnology) at 250× dilution; Bcl-2 mouse anti-human (OP60, Calbiochem) at 25× dilution, p53 mouse anti-human (OP09, Calbiochem) at 40× dilution. Staining pattern was not studied for p53 because all staining is nuclear.
The immunohistochemistry for BAG-1 was performed as previously described [29, 38] . The sections were then incubated for 1 h with a 200× dilution of biotinylated goat anti-rabbit IgG (BA-1000, Vector Laboratories) for BAG-1 detection, and with a 200× dilution of biotinylated goat anti-mouse IgG (62-6540, Zymed) for Bcl-2 and p53 detection. Slides were rinsed thoroughly with PBS between each of the above steps. Sections were then exposed to a diaminobenzadine (D-5673, Sigma) peroxidase substrate solution (DAB) for 5 min. The reaction was stopped using distilled water. Sections were then dehydrated in an increasing ethanol series and xylene, then covered slipped using Permount (SP153-100, Fisher Scientific). Normal breast tissue surrounding the tumor portion of the slides was used as internal negative control for immunohistochemistry. Slides from breast cancer and lung cancer, positive for BAG-1 expression from our previous studies, were used as positive controls [29, 38] . All slides were examined by two observers (including an independent pathologist) and categorized according to the subcellular location of staining (nucleus v.s. cytoplasmic) and the intensity (zero or no staining, light and intense staining); the concordance between the two blinded observers was close to 100%. Diagnosis of breast cancer, tumor grade and ER/PR status was made by a pathologist not involved with the study and was confirmed by independent pathologists involved with the study. The observers reviewing the stained slides were blinded to the clinical information of the corresponding patients. Three slides from each tumor sample were stained. The percentage of positively stained cells within any tumor sample varied from section to section, and the slide with the highest percentage of positively stained cells (at least over 25%) was chosen to score for BAG-1 expression.
Statistical analysis
Statistical analysis was performed using SPSS version 7.5.1 for Windows 95 (SPSS Inc., Chicago, IL) as previously described [29] . Spearman rho correlation coefficient and logistic regression by univariate and multivariate analysis were used to determine the significance of the association of the different factors. Expression is defined as negative or positive staining, staining pattern is defined as nuclear or cytoplasmic staining, and staining intensity is either faint or strong. The level of significance for all analyses was set at 0.05. Assuming an overall survival of invasive breast cancer at 10 years is 60%, a sample size of 185 would have a 90% power to detect at least 20% difference in survival, with a significance level of 5%, based one one-sided test.
Results
Patient population
One-hundred-eighty-five patients were included in this study. The age distribution, pathological diagnosis such as differentiation, histology, ER and PR status and the clinical data such as stage and treatment modalities are summarized in Table 1 . At the time of analysis, 107 patients (∼58.0%) were alive with no recurrence, 9 patients (∼5.0%) were recurrence-free and deceased due to other causes, 40 patients (∼21.5%) experienced recurrence and died due to breast cancer, 23 patients (∼12.0%) experienced recurrence and were alive, 1 patient (0.5%) experienced recurrence and died due to other causes, and 5 patients (∼3.0%) were deceased due to unknown causes. The median follow-up of the patient population was 44.0 months (38.0-60.0). 
BAG-1 staining
Of the 184 tumor sections that were stained for BAG-1, 25 (∼13.5%) had negative staining and 159 (∼86.0%) had positive staining. One-hundred- fifty-nine (∼85.5%) of the positive cases were cytoplasmic, 1 (∼0.5%) was nuclear, 113 (∼61.0%) had faint staining and 46 (∼25.0%) had strong staining, as summarized in Table 2 . Figure 1 (a) and (b) shows representative sections for strong cytoplasmic and weak nuclear BAG-1 staining, respectively. Spearman rho analysis pairing and comparing BAG-1 expression, pattern, and intensity to Bcl-2 and Table 4 . The extreme small values of rate ratio and the large confidence intervals from the stage analysis are due to the small number of patients in advanced disease stages (13 in Stage III, and 11 in Stage IV, the reference stage).
Bcl-2 staining
Of the 185 breast carcinomas examined for Bcl-2 expression, 13 (∼7.0%) were negative and 172 (∼93%) were positive. One-hundred-twenty-three (∼66.5%) of the Bcl-2 positive tumors had faint staining and 49 (∼26.5) had strong staining, 43 (∼23.0%) were nuclear, 129 (∼70.0%) were cytoplasmic, as summarized in Table 2 . 
p53 staining
Of the 185 patients studied, 43 (∼23.0%) had positive p53 staining, 135 (∼73.0%) had negative staining and 7 (∼4.0%) were missing p53 information (see Table 1 ). Of the 43 positive cases, 22 (∼12.0%) had faint staining and 21 (∼11.0%) had strong staining. All cases of p53 positive staining were nuclear, as summarized in Table 2 . Figure 1(e) shows representative sections for strong nuclear p53 staining. Table 3 (c) shows the Spearman rho analysis pairing p53 expression and intensity to age, Bcl-2 and BAG-1 expression, pattern, and intensity, tumor type, differentiation, stage, estrogen and progesterone receptors. p53 expression correlated with BAG-1 
Discussion
Apoptosis has been increasingly implicated in the pathogenesis, progression and resistance to chemotherapy and radiation therapy of breast cancer. High level of p53 mutation exists in breast carcinomas [39] . In addition, p53 mutation has been associated with a more aggressive breast cancer phenotype and a worse clinical outcome with increased risk of recurrence and death [40] . p53 mutation has also been linked to resistance to chemotherapy [41] , high tumor grade and necrosis, high microvessel density and ipsilateral tumor recurrence [42] . The role of p53 mutation in breast cancer has been reviewed [43, 44] . Similarly, Bcl-2 expression was shown to be associated with favorable clinical outcomes, including ER and PR positivity, low histological grade, well differentiation and sensitivity to hormonal therapy, and favorable disease-free and overall survival [45] [46] [47] . Furthermore, induction of Bcl-2 by tamoxifen may be involved in the resistance to taxane treatment [48] . The use of Bcl-2 antisense oligonucleotides in the treatment of breast cancer is also under active investigation [49] . Despite the growing number of literature on the value of p53 and Bcl-2 in breast cancer prognosis, there is currently inadequate evidence to support their use in guiding clinical treatment of breast cancer [26, 50, 51] . This is largely due to the inadequate sample size, suboptimal techniques for the determination of p53 and Bcl-2 status and heterogeneity of the patient population used in these studies. Further statistically robust studies are needed to validate their use as prognostic factors in breast cancers, as recommended by the College of American Pathologists consensus statement in 1999 [25] . Our study showing the lack of correlation of Bcl-2 and p53 expression with the disease-free and overall survival of invasive breast carcinomas further illustrates such a requirement. BAG-1 interacts with Bcl-2 and it is coexpressed with Bcl-2 in response to IL-2 treatment. In addition, BAG-1 expression is upregulated by mutant p53 [52] . It is important to determine if there is a correlation among the expression of BAG-1, p53 and Bcl-2. In addition, it is also interesting to determine if their expressions are correlated with the other prognostic factors such as age, differentiation, ER and PR status and ultimately disease-free and overall survival. Our study represents the first large-scale retrospective clinical study that demonstrated a positive correlation between the expression of BAG-1 and p53. Specifically, p53 expression was correlated to BAG-1 expression (rho = −0.245, p < 0.05), pattern (rho = 0.247, p = <0.05) and intensity (rho = −0.177, p < 0.05). In addition, p53 intensity was correlated with BAG-1 expression (rho = −0.270, p < 0.05), pattern (rho = −0.271, p < 0.05) and intensity (rho = −0.195, p < 0.05). Furthermore, p53 expression was associated with histology, estrogen and progesterone receptors, consistent with previous literature. There are conflicting reports in the literature regarding the correlation of expression of BAG-1 and Bcl-2, despite an earlier report that their expression may be coregulated [53] . Although the expression of BAG-1 was found not to correlate with that of Bcl-2 in a panel of 12 breast cancer cell lines [9] , a positive correlation of their expression was noted in cell lines by another group [35] , and in two cohorts of breast cancer patients [31, 33] . Our study with a cohort of 185 patients demonstrates that the expression pattern of Bcl-2 correlates with that of BAG-1 expression (rho = −0.173, p < 0.05), and pattern (rho = −0.174, p < 0.05). In addition, the intensity of Bcl-2 correlates with BAG-1 intensity (rho = 0.163, p < 0.05) Furthermore, Bcl-2 expression or pattern is associated with stage, better differentiation and positive estrogen receptor, again consistent with previous literature.
We previously reported that the activity of the BAG-1 promoter was upregulated by mutant p53. We further showed that this upregulation was dosedependent with increasing concentrations of mutant p53 protein [52] . This study represents the first clinical observation of the positive correlation between the expression of BAG-1 and p53. In addition, the expression of p53 was correlated with the intensity and pattern of BAG-1 expression. Whether mutant p53 increases BAG-1 expression in breast tumors warrants further investigation. p53 has been recognized to play an important role in breast cancer carcinogenesis and resistance to chemotherapy and radiation therapy [12] [13] [14] . This finding links abnormal cell cycle control and apoptotic machinery in the pathogenesis and possible disease progression of breast cancer. Furthermore, our observations support the further development of targeted therapy in breast cancer, focusing on the cross talk between the different signal transduction pathways. Finally, the coexpression of BAG-1 and p53 observed in clinical sample corroborates the report showing stabilization and cytoplasmic sequestration of wild-type p53 by BAG-1 [54] .
BAG-1 also interacts with estrogen and progesterone receptors and influence their transcriptional activation and apoptosis induced by steroid hormones [55] [56] [57] [58] . It is equally important to study if a correlation exists between the expression of BAG-1 and estrogen and progesterone receptors. An initial report showed a positive correlation of the two proteins in cell lines [9] , although subsequent retrospective clinical studies of breast cancer failed to show such a correlation between the level of nuclear or cytoplasmic BAG-1 protein and the ER or PR positivity using several different monoclonal antibodies [31, 32] . Again, our study demonstrated that a high level of correlation exists between the expression of BAG-1 and estrogen (rho = 0.285, p < 0.05) and progesterone (rho = 0.182, p < 0.05) receptors. In addition, there is a correlation between the BAG-1 pattern and the estrogen (rho = 0.292, p < 0.05) and progesterone (rho = 0.193, p < 0.05) receptors. BAG-1 intensity also correlates with the expression of estrogen receptor (rho = 0.331, p < 0.05). Our finding is different from our previous report [29] , which showed a negative correlation between the expression of BAG-1 and that of estrogen and progesterone receptors in invasive breast carcinoma. This difference is likely due to the higher percentage of ER and PR positive tumors in our current study (44% ER positive v.s. 35% positive, and 43% PR positive v.s. 32% positive, respectively), lack of missing receptor status in the current study (missing ER 0% v.s. 37.8%, and missing PR 0% v.s. 38.7%, respectively), and the larger sample size (185 patient v.s. 140 patients). Our study confirmed our previous report on the positive correlation between the expression of BAG-1 and the better differentiation of breast carcinoma [29] . Similarly, our study also confirmed our previous report showing the lack of correlation between the expression of BAG-1, age and histology and stage.
Although a high percentage (86%) of invasive breast carcinoma in the current study had positive BAG-1 staining, a very low percentage of positive staining was nuclear (0.5%), while the majority of the BAG-1 positive tumors stained were cytoplasmic (85.5%). We cannot easily explain the low percentage of nuclear BAG-1 expression in this study. The tumor bank material is collected as frozen material and then bisected and processed into either frozen or paraffin blocks. The paraffin block tissue is thus not the same as a standard clinical pathology blocks created directly from fresh tissues. Therefore it is possible that the nuclear BAG-1 signal is compromised in this series for this reason. Nuclear BAG-1 was inversely associated with tumor grade and cytoplasmic BAG-1 was associated with ER status [32] . High grade tumors exhibit weak nuclear BAG-1 expression. Distribution of tumor grade between our previous and current studies is dissimilar; in our current study 58% of the tumors are poorly differentiated, whereas in our previous study 20.7% were poorly differentiated. The presence of a high percentage of poorly differentiated tumors may explain the low percentage of nuclear BAG-1 expression in our current study. Cytoplasmic BAG-1 expression, therefore, does not seem to be associated with disease-free or overall survival in breast cancer patients with all stages included, consistent with previous reports [29, 33] , although its expression may be associated with a better clinical outcome in patients with early stage breast cancer [31] . Our current study could not verify our previous finding of the association between nuclear BAG-1 expression and poor prognosis (result not shown), since this study had only one case (0.5%) with positive nuclear BAG-1 staining, while our previous study had 26 cases (18.2%). Although this study has a larger cohort, there are only 25 patients whose tumor is negative for BAG-1, which may limit the power of multivariate analysis for the correlation study, the disease-free and overall survival analysis. Since our patient population included patients with all stages, the favorable clinical outcome was not detected in our current study. Although it may be interesting to perform subgroup analysis in patients with early stage breast cancer only, the power of the study to detect any real difference would be quite low, as demonstrated recently by the failure to detect any association between the expression of BAG-1 and survival in a cohort of breast cancer patients with all stages included [33] .
Our study with a cohort of 185 breast cancer patients shows that the expression of BAG-1 correlates with that of Bcl-2, p53, differentiation, ER and PR, all of which are important molecules of breast cancer oncogenesis. Our finding is consistent with the ample preclinical data demonstrating the interaction of BAG-1 with Bcl-2, p53, ER and PR. Abnormal expression of BAG-1 is likely an important factor in the pathogenesis and progression in breast cancer because of its involvement in cellular growth signal transduction, apoptosis, cell cycle control, response to hormonal regulation and gene transcription. It would be interesting to study the roles of each BAG-1 isoform in these pathways and design therapeutic strategies to target BAG-1-mediated processes in the treatment of breast cancer.
